Effects of plane of nutrition and 2,4-thiazolidinedione on insulin responses and adipose tissue gene expression in dairy cattle during late gestation.
Specific mechanisms by which dry period dietary energy affects transition cow metabolism have been intensively investigated but those of thiazolidinedione (TZD) administration have not. We hypothesized that effects of both are mediated via changes in insulin, glucose, or fatty acid metabolism. The objective of this experiment was to determine the effects of the insulin-sensitizing agent TZD and dietary energy level on glucose and fatty acid metabolism during late gestation in dairy cows. Multiparous Holstein cows (n=32) approximately 50 d before expected calving date were dried-off and assigned to 1 of 2 dietary energy levels for 3 wk (high: 1.52 Mcal/kg of NE(L), or low: 1.34 Mcal/kg of NE(L)) and treated daily during the final 14 d with 4.0 mg of TZD/kg of body weight (BW) or saline in a completely randomized design. Cows fed the low energy diet had lower dry matter intake (12.8 vs. 16.1 kg/d) and higher plasma nonesterified fatty acid (NEFA) concentrations (103.3 vs. 82.4 μEq/L) compared with cows fed the high energy diet. Cows administered TZD had higher plasma glucose concentrations (62.5 vs. 59.6 mg/dL) than saline controls and cows fed the high energy diet had higher plasma insulin concentrations (35.1 vs. 25.3 μU/mL) compared with those fed the low energy diet. After 2 wk of TZD treatment, all cows were subjected to an intravenous glucose tolerance test (GTT; 0.25 g of dextrose/kg of BW) followed 110 min later by an insulin challenge (IC; 1.0 μg of insulin/kg of BW). Differences in plasma glucose response to GTT were minimal based on diet; however, cows fed the low energy diet had more negative NEFA areas under the curve (AUC; -4,838 vs. -2,137 μEq/L × min over 90 min) and greater rates of NEFA decrease (1.35 vs. 0.63%/min) during GTT, suggesting differential responses of tissue glucose and fatty acid metabolism in response to dietary energy level. During IC, the TZD-treated cows tended to have more negative glucose AUC (-45.0 vs. -12.1mg/dL × min over 15 min) than controls, suggesting that TZD-treated cows had greater responses to insulin. Limited interactions were observed between dietary and TZD treatments in all response variables measured. Adipose tissue biopsies performed on the final day of treatment suggested higher expression of peroxisome proliferator-activated receptor-γ (0.71 vs. 0.50 relative expression) and lipoprotein lipase (0.71 vs. 0.40 relative expression) in cows fed the high energy diet as measured by quantitative real-time PCR. These results indicate that energy level and insulin-sensitizing agents affect glucose and lipid metabolism during the dry period.